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CLAIMS 



[Claim(s)] 

[Claim 1] A phase shift diffraction grating characterized by carrying out specified quantity change of the optical path length of 
the thickness direction of this diffraction grating in at least one field on a diffraction-grating side. 

[Claim 2] A manufacture method of a phase shift diffraction grating characterized by changing the optical path length with other 
fields by decreasing thickness of some fields of a diffraction grating equipped with a grid of a large number arranged at equal 
intervals by etching, or making suitable matter deposit, and making it increase. 

[Claim 3] A manufacture method of a phase shift diffraction grating characterized by changing the optical path length with other 
fields by driving ion into some fields of a diffraction grating equipped with a grid of a large number arranged at equal intervals 
and making a refractive index of this field differ from a refractive index of other fields. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to the phase shift diffraction grating which starts a diffraction grating, especially 

has a phase shift field, and its manufacture method. 

[0002] 

[Description of the Prior Art] In recent years, it has come to be used in a field with an extensive diffracted -light study element. 
For example, the equipment which performs the focus servo of the optical arm head of an optical disk unit using the diffraction 
mold lens of an ellipse form is indicated by JP.63-9037.A. The diffraction mold lens of this ellipse form had the operation of the 
usual condenser lens and the operation of a cylindrical lens, and has contributed them to integration, lightweight-ization. etc. of 
the whole optical equipment. On the other hand, about the phase shift diffraction grating, it is know, for example that the image 
formation engine performance of this lens may improve by giving phase contrast near a center and near a periphery a lens in the 
diffraction mold lens ( phase Fresnel's lens) which adjusted the gap and has arrange the grid in the shape of zona orbicularis so 
that it may have a condensing operation. As compared with the method using the lens (amplitude intensity modulation) with 
which the image formation method using this lens gave the difference to the amplitude transmittance near a center and near a 
periphery the lens, since the utilization effectiveness of light is good, the application to an optical pickup etc. will be expected 
from now on. 
[0003] 

[Problem(s) to be Solved by the Invention] In the above-mentioned conventional example, when a phase shift diffraction grating 
was formed, the method of adjusting a lattice spacing in the interface to which a phase is shifted was taken. For example, 
lambda / 4 shift diffraction grating used for a distributed feedback laser are formed with the photolithography using 2 flux-of- 
light interference. In this case, there is a way a sensitive material (a negative mold and positive type) of a different kind 
separates a phase shift field as a method of forming a phase shift field as indicated by JP.3-61901 A. for example, or a method 
of preparing a level difference in the boundary of a phase shift field as indicated by JP.2-196202A However, there is instead of 
[ no ] in being the method with which any method forms a phase shift field by adjusting a lattice spacing, and according to this 
method, whenever modification joins the field to which the shift amount of a phase or a phase is shifted, the whole diffraction- 
grating pattern must be changed. That is. the diffraction grating from which a pattern differs must be separately produced 
depending on how to give a phase shift in this case. Moreover, the manufacture method of the above-mentioned diffraction 
grating of adjusting a lattice spacing and generally giving a phase shift field is not necessarily easy. 

[0004] the place which this invention is made in view of such a trouble that a Prior art has. and is made into the object offers 
the phase shift diffraction grating and its manufacture method of the structure which can be manufactured easily while having 
the desired phase shift engine performance — it is in things. 
[0005] 

[Means for Solving the Problem] When actually producing a diffraction grating, a diffraction grating is produced on a substrate 
which has fixed thickness. If this diffraction grating is regarded as one optical element also including a substrate, it will become 
possible to give a phase shift operation effectually to a diffraction grating by using an optical property which depth of this 
diffraction grating, i.e.. distance of the thickness direction, or a substrate has. Therefore, in at least one field on a diffraction- 
grating side, a phase shift diffraction grating by this invention carries out specified quantity change of the optical path length of 
the thickness direction of this diffraction grating, and is characterized by giving a phase shift operation to this field and growing 
into it. 

[0006] Moreover, a manufacture method of a phase shift diffraction grating by this invention By decreasing thickness of some 
fields of a diffraction grating equipped with a grid of a large number arranged at equal intervals by etching, or making suitable 
matter deposit, and making it increase Or by **** which ion is driven [ **** ] into some fields of a diffraction grating equipped 
with a grid of a large number arranged at equal intervals, and makes a refractive index of this field differ from a refractive index 
of other fields, it is characterized by changing the optical path length with other fields. 
[0007] 

[Function] Drawing 2 is drawing having shown the operation of a phase shift diffraction grating, and shows signs that the flux of 
light of the wavelength lambda which carried out incidence in the regular-intervals diffraction grating diffracts the 1st order. In 
drawing 2 . it is the cross section of the diffraction grating formed by the conventional manufacture method which <a) adjusted 
the lattice spacing P and was formed, and the cross section of a diffraction grating in which (b) is formed by the manufacture 
method of this invention, incoming beams and 2' are the fields in which, as for one. the diffraction -grating pattern was formed 
among drawing, and 2 is the primary diffracted light. 

{0008] In drawing 2 (a), the lattice spacing P of this diffraction grating is set to P=lambda/sin theta from the conditions of 
diffraction, when a primary angle of diffraction is set to theta. Moreover, the amount deltaphia of phase shifts Lattice spacing P' 
in the boundary to which a phase is shifted to deltaphia =2pix (P7P) 
It is come out and given. 

[0009] on the other hand, in the phase shift diffraction grating by this invention, as shown in drawing 2 (b). a lattice spacing P 
shifts a phase in the state at equal intervals — making — it is made to correspond to change of the optical path length 
equivalent to required phase contrast, the optical path length of the thickness direction of a diffraction grating is effectually 
changed in Field A and Field B. and it changes. They are beta, then the amount deltaphib of phase shifts about the optical path 
length of the thickness direction of a diffraction grating [ in / for the optical path length of the thickness direction of a 
diffraction grating / in / at this time / Field A / alpha and Field B ]. deltaphib = it is set to 2pix(alpha-beta)/lambda. Therefore, 
the whole optical element which consists of phase shift diffraction gratings of this invention with a diffraction grating and the 
substrate with which this is formed will have a phase shift operation, and an effectual phase shift operation may be given to a 
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diffraction grating. 
[0010] 

Example] Hereafter, the example of this invention is explained based on drawing 1 . In addition, suppose that a diffraction- 
grating pattern and the substrate with which the diffraction -grating pattern is formed are collectively called a diffraction grating 
in an example. 

[0011] In case drawing,,! (a) produces the phase shift diffraction grating by this example, it is the cross section of a basic 
diffraction grating, and a diffraction -grating pattern is formed on the substrate of a refractive index n. and it has the cross- 
section configuration of a blaze configuration. In drawing 1 (a), the wavelength of the flux of light which is the thickness of the 
diffraction-grating pattern determined that primary diffraction efficiency will become 100% for d, and is used for this diffraction 
grating is given to lambda, then thickness d by the degree type (1). 
D=lambda /(n-1) typed) 

At this time, only variation delta D changes the optical path length of this grid by setting thickness of the whole diffraction 
grating to D. and amount of phase changes deltaphi in which incoming beams carry out a phase shift by this is given by the 
degree type (2). 

deitaphi=2 pixdelta D/d type (2) 

When the optical path length of the thickness direction of this grid is made to change and this forms a phase shift field in a 
diffraction grating by changing the thickness of a diffraction grating like this invention, it becomes conditional expression for this 
formula (2) to form this field. 

[0012] Dr awing 1 (b) is the cross section of the phase shift diffraction grating of the transparency mold by this example. In 
order that this may set to deltaphi phase contrast of Field I and Field II which were illustrated, it etches into the field in which 
the diffraction-grating pattern in the field II of the diffraction grating shown in this drawing (a) was formed, and decreases only 
the variation delta D equivalent to amount of phase changes deltaphi determined by the above-mentioned conditional 
expression (2) in thickness D of the whole diffraction grating of this field. This can be applied also when giving a phase shift 
operation to a reflective mold diffraction grating. 

[0013] Drawing 1 (c) is the cross section of the phase shift diffraction grating of the transparency mold at the time of 
decreasing only the variation delta D determined by the above-mentioned conditional expression (2). and producing thickness D 
of the whole diffraction grating of this field by etching into the field in which the diffraction-grating pattern in the field II of the 
diffraction grating shown in this drawing (a) is not formed. The same phase shift operation as the diffraction grating shown in 
this drawing (b) also in this case can be acquired. In addition, if the technique of the photolithography used in a semiconductor 
manufacture process is used, a desired grid configuration can realize an etching process very easily. 

[0014] Thus, the manufacture method of the phase shift diffraction grating by this invention has the feature that the diffraction 
grating which has a desired phase shift operation can be obtained, by giving ****** to a diffraction grating without the phase 
shift field shown in drawing 1 (a). Moreover, in this invention, since the shift amount of a phase is determined by the variation of 
the optical path length of the thickness direction of a diffraction grating, in the process for forming a phase shift field, the 
positioning accuracy of the etching field on a diffraction-grating side does not participate in the precision of the amount of 
phase shifts at all. 

[0015] In the above-mentioned example, the surface relief structure of a diffraction grating does not need to be blaze structure, 
and may be what kind of structure. Moreover, the method of changing the thickness of a diffraction grating may be a method to 
which deposit the material which has the same optical property not only as an etching process but a substrate on a diffraction- 
grating side, and the thickness of this diffraction grating is made to increase. 

[0016] Furthermore, although the method of changing the geometric optical path length's, i.e., a diffraction grating, thickness 
was used in the above-mentioned example in order to carry out specified quantity change of the optical path length of the 
thickness direction of a diffraction grating, in the case of the diffraction grating of a transparency mold, the method of changing 
the refractive index of this field and making the optical path length with other fields changing effectually may be used by driving 
in the suitable ion for the field where a substrate is suitable. 
[0017] 

[Effect of the Invention] As explained above, according to the phase shift diffraction grating of this invention, in the 
manufacturing process, the process which forms a diffraction-grating pattern without a phase shift field, and the process which 
forms a phase shift field in a diffraction grating can be treated independently, the diffraction-grating pattern which does not 
have a phase shift field first by this even when forming two or more kinds of phase shift fields to a specific diffraction grating — 
forming — a subsequent process — this grid — a phase shift field — forming — ****ing — the former — ****** — the 
diffraction grating which it becomes unnecessary to design a diffraction-grating pattern, and has a desired phase shift operation 
can be manufactured easily. 

[0018] Moreover, according to the manufacture method of this invention, the precision of the amount of phase shifts is 
determined in the precision of the process which carries out specified quantity change of the optical path length of the 
thickness direction of a diffraction grating, and the precise dimensional accuracy on the diffraction-grating side at the time of 
adjusting the conventional **** lattice spacing is not required. Therefore, in the manufacture method of this invention, if the 
precision of the process which forms a phase shift field, i.e., the precision of the process which carries out specified quantity 
change of the optical path length of the thickness direction of a diffraction grating, exceeds the precision on a diffraction- 
grating side, i.e., the dimensional accuracy of the lattice spacing of the direction of a diffraction-grating side, offer of a more 
highly efficient phase shift diffraction grating of it will be attained. 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is drawing for explaining the example of the phase shift diffraction grating by this invention. In case <a) produces a 
phase shift diffraction grating, it is the cross section of a basic diffraction grating, (b) is the cross section of the phase shift 
diffraction grating of the transparency mold by this example formed by etching into a diffraction -grating pattern side. <c) is the 
cross section of the phase shift diffraction grating of the transparency mold by this example formed by etching into the field in 
which the diffraction-grating pattern is not formed. 

[Dr awing 2] It is drawing for explaining a phase shift operation of a phase shift diffraction grating, (a) is the cross section of the 
diffraction grating formed by the conventional manufacture method, (b) is the cross section of the diffraction grating formed by 
the manufacture method of this invention. 
[Description of Notations] 

1 Substrate 

2 Incoming Beams 

2' Primary diffracted light 
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PURPOSE: To provide the phase shift diffraction grating 
having the structure which has desired phase shift 1 



means for changing the thickness of the above- 
mentioned regions by etching or depositing or a mean 
for effectively changing the optical path length by 

implanting ions to the regions and changing the refractive index thereof is utilized as the 
means for changing the optical path length. 
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